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1. INTRODUCTION

In the preliminary design phase, rapid and economic estimations
of aerodynamic stability and control characteristics are frequently
needed. The program described in this manual provides a systematic
summary of methods for estimating stability and control characteristics
in preliminary design applications, specifically tailored to general
aviation airplanes. The version of the program described here is the
December 1981 version as implemented on the Xansas University Honeywell
66-60 computer. It is written in Fortran IV.

The program has been developed on a modular basis because it
simplifies program modification or expansion. The main modules are
indicated in Figure 1.1.

Potential users are referred to Section 2 for an overview of
program capabilities. Particular attention should be given to the
description of the operational limitations of the program.

Section 3 should be consulted next for information on the required
input data. This section provides a detailed description of the
procedures to input data into the program. It also defines the input
parameters, both in words and in figures. The user is urged to consult
the figures to avoid any ambiguity in the definitions. The user should
also refer to Section 5 where the geometric modelling techniques are
described. Section 3 represents a major change to the previous (October
1978) documentation.

Section 4 provides the details of the program output and defini-
tions of the output parameters.

Section 5 furnishes the user with the proper techniques to model a

particular design so that the input is compatible with the computer program.
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Figure 1.1 Modular Program Build-up

It should be noted that this manual is intended for the user who
wishes to utilize this program to analyze a given aircraft configuration
from a stability standpoint. Therefore, it concentrates on the input
and output functions of the program. The reader who is interested in

the methods used in the modules and their implementation in the program

is referred to Reference 2. This reference provides a full description

of the computational methods used in this program.
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SECTION 2

PROGRAM CAPABILITIES

This section has been prepared to aid the user in determining
the applicability of the program described in this manual to his
particular requirements. For specific questions regarding method

applicability and limitations, the user is referred to Reference 2,

2.1. Addressable Configurations

Generally the program will accept inputs for the traditional
body-wing-tail configurations. This includes control effectiveness
for traditional control devices like elevator, rudder and aileron.
It should be noted that the program is specifically tailored to subsonic
general aviation aircraft. The user is referred to Section 5, which
discusses methods to model his specific configuration to conform
with the data input for this program. Table 2.1 summarizes the con-

figurations and parameters that are accommodated bv the program.

2.2. Configuration Data

2.2.1. Static Stability Derivatives

The longitudinal and lateral-directional stability derivatives
are computed in nondimensional derivative form, in the stability-
axis system. The drag coefficient may either be input or be
computed internally. The program outputs the derivatives as a function

of component build-up (see Table 2.2).
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TABLE 2.1: ADDRESSABLE CONFIGURATIONS

~ )
CONFIGURATION REMARKS
BODY Data pertaining to the actual aircraft

fuselage can be input. For some data
an equivalent body of revolution has
to be modelled.

WING, HORIZONTAL Straight tapered planforms are treated.
TAIL The effects of sweep, taper, incidence
and linear twist are included. The
lateral-directional data include the
effect of dihedral.

BODY-WING, The influence of the body on the wing

BODY-HORIZONTAL and horizontal tail and wvice versa are
included. Wing positions from low- to
high-wing are possible. The horizontal
tail position can vary from low mounted
tail, on the fuselage, to T-tail.

WING-BODY-TAIL The effect of downwash on the horizontal
tail is included. Only a single vertical
tail can be configured.

POWER The effect of the propeller flow-
disturbance is included in the program for
single-~ as well as multi-engine aircraft.
Effects include direct as well as indirect
effects on the flowfield around the wing
and horizontal tail.

The effect of jet engines (single- or
multi-engine), direct as well as indirect,
are accounted for.

Only single and twin engine configurations
are addressed. _J

2.2.2 Dynamic Stabilitv Derivatives

The longitudiral and lateral directionel stability characteristics
are computed in the nondimensional derivative form, in the stability
axis system. The program outputs the derivatives as a function of

component build-up (see Table 2.3).
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2.2.3. High-Lift Devices and Contrel Characteristics

The program does nct compute the effect of high-lift devices
as Lift,Drag or Mcment coefficient. Incremental values as a functiom
of flap deflection have to be input. The effect of flap deflection
on the stability derivatives is computed as indicated in Tables 2.3
and 2.4. The output of the program for these derivatives is indicated

in Table 2.5.

TABLE 2.5 *

OUTPUT FOR CONTROL CHARACTERISTICS

r )
DERIVATIVE
CONTROL OUTPUT . NOTES
Aileron C , C , C May be positioned anywhere
26 né Y6 on the trailing edge of the
A A A ; B ede
wing.
Rudder C2 s Cn s CY May be positioned anywhere
$ ) 8 on the trailing edge of the
R R R . .
vertical tail.
The effect of "Effective
Aspect Ratio" of the vertical
tail is taken into account.
Elevator C , C , C May be positioned anywhere
L M D o -
GE GE SE on the trailing edge of the
horizontal tail.
All Moving C , C , C
Tail Plane Li M, Dy
n H m  m
Hinge CH s CH » Tg For a conventional flap type
Moments a ) control. Includes effect of
gap, aerodynamic balance, horn
balance, bevel angle.
¢ _J
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Control devices that are accommodated by the program are the con-
ventional trailing edge flap-type controls as used for elevator, rudder,
and ailerons. These devices can be positioned anywhere on the hori-
zontal or vertical tail or the wing. Roll control is assumed to be
exercised by ailerons positioned on the wing. Pitch control can
be either with an elevatqr or with an all moving tail plane. Yaw
control is with a conventional rudder on the vertical tail.

Hinge-moment characteristics are computed for a trailing edge
hinged flap-type control. The effects of gap, aerodynamic balance
(including horn-balance) and bevel angle are included. The user
has the option of inputting experimental data for the hinge moments

to increase the accuracy of the stick-free stabilityv data.

2.2.5%. Longitudinal Trim

Trim data will be calculated. The program will manipulate the
computed stability and control characteristics to achieve pitching
moment equilibrium (i.e. CM = 0). The trim data can be computed for
two modes. One mode treats configurations with an elevator as the
trim device. Elevator deflections as required for moment equilibrium
will be computed together with total airplane lift, angle of attack
and horizontal tail-lift. The other mode treats the configuration
with an all flying tail as the trim-device. In this case angle of inci-
dence of the horizontal tail, required for pitching moment equilibrium,

is computed and output along with total airplane lift-coefficient,

angle of attack, and horizontal tail lift-ccefficient.

v



2.2.5. Ground Effect

The effect of ground proximity on the lift of the airplane is
computed as a function of height above the ground. This effect is
only taken into account in the computations for the rotation speed

(see Section 2.2.9).

2.2.6. Power Effects

2.2.6.1. Propeller Effects

The effects of a thrust-producing propeller positioned forward
of the wing are taken into account for single- as well as multi-
engine designs. The effects included are the following:

® Direct effects of thrust on forces acting on the

aircraft, i.e. dCT and dCN .
prop prop

e Effect of propeller slipstream over the wing: increase
in dynamic pressure over the wing and change in wing

angle of attack.
e Change in dynamic pressure at the horizontal tail.
o Change in downwash at the horizontal tail.
Tables 2.3 and 2.4 indicate the variables for which the effects of
propeller thrust are computed.

2.2.6.2. Jet Effects

The effects of a thrust producing jet-engine positioned anywhere
on the fuselage or on the wing, for single as well as twin-engine

designs are taken into account. The effects included are the following:

t9
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® Direct effect of thrust on the forces acting on the

aircraft, i.e.: dCT and dCN .
jet et

® Indirect effects of jet thrust as indicated by Tables

2.3 and 2.4.

2.2.7. Inertia Data

The user has the option of either inputting the inertia character-
istics of the design under consideration or having the inertia charac-
teristics computed intermallv. In the latter case, data have to be
input for center of gravity location, component weight and location.
The program will compute the inertia characteristics for the case
under consideration, i.e. for a given weight and loading (fuel and

passengers). The inertias are comouted in the Body Axis System.

) 7
2.2.8. LMC Data

The program has the option of computing the speed for minimum

control with one engine out, V

uC* The computation method as used by

the program utilizes stability and control derivatives as computed
by the program in a three degree of freedom analysis. Output in-

cludes the speed for minimum control V. rudder angle (which is the

MC?
maximum pessible angle as input by the user), aileron deflection
angle, bank angle (which is either input by the user or set at 5°

bank into the operating engine) and side~slip angle. The program

assumes steadv-state horizontal flight.

Y]



2.2.9. Rotation Speed

3

The program has the option, at the user's discretion, of computing
rotation speed. The rotation speed is defined as the speed at
which the aircraft should rotate such that after 1ift-off the aircraft
will read 35 feet at a speed equivalent to 1207% of the stall speed in
the takeoff configuration. For this option the user must input the
rotation rate of the aircraft during the lift-off phase. Outputs are
the following quantities:

e Rotation speed
e Lift-off speed

e Rotation distance, defined as the distance traveled
from the moment the nose wheel leaves the ground till

the aircraft 1ifts off (main wheels leave the ground).

e Air-distance, defined as the distance traveled from
the start of constant climb-angle till a height of

35 feet is reached.

2.2.10. Stability Characteristics

Depending on the Control Number values as input by the user, the

program will output the following Stability Characteristics.
2.2.10.1 Dynamic Stability

A. Computes dimensional derivatives
B. Computes coefficients of the characteristic equations

C. Computes the roots of the characteristic equations

2.9




Prints the characteristic equations in factored form
and states the root configurations
Longitudinal case computes:

1. (w_ ) Short period undamped natural frequency
: SP

2. (wnp) Phugoid undamped natural frequency
(CSP) Short period damping ratio
4. (CP) Phugoid damping ratio
5. (T 1/2 P or TZP) Time to half or double the amplitude
of the phugoid mode
6. Short period characteristics
a. (n/a) Load factor / angle of attack
b. (mnz / n/a) Short period undamped natural fre-
quency squared / load factor /-angle of attack

Lateral directional case computes:

1. (wn ) Dutch roll undamped natural frequency
D

2. (CD) Dutch roll damping ratio

3. (TS) Spiral time constant

4. (TR) Roll time constant

5. (Tzs) Time to double the amplitude in the spiral
mode

6. (CDmn ) Dutch roll damping ratio X Dutch roll un-
D

damped natural frequency
7. (!é/BID) Oscillatory bank angle to sideslip ratio

8. (wn 2!¢/B{D) Dutch roll undamped natural frequency
D

X oscillatorv bank angle to sideslip ratio

~
-4
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2.2.10.2

Ihe

variable of arrav "DER

for

1.

sensitivity analysis varies any selected input
" (See Table 4.1) and computes
each incremental value:

Real and imaginary parts of roots of the character-
istic equations

Damping ratios and undamped natural frequencies

Inverted time constants

Transfer Functions

Computes dimensional derivatives

For

1.

2.

longitudinal case computes:

Coefficients of the characteristic equation

Numerator coefficients of U(S)/GE(S), a(S)/GE(S),

and e(S)/SE(S) transfer functions

General standard format parameters:

a. Gain

b. Numerator time constants, damping ratios, and
undamped natural frequencies

lateral directional case computes:

Coefficients of the characteristic equation

Numerator coefficients of:

a. B(S)/GA(S), ¢(S)/6A(S), and w(S)/SA(S) transfer
functions

b. B(8)/3;(8), ¢(S)/5R(S), and w(S)/GR(S) transfer
functions

General standard format parameters for both aileron

and rudder forcing functionmns

2.11
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a. Gain

b. Numerator time constants, damping ratios, and
undamped natural frequencies

c¢. Denominator damping ratio, undamped natural

frequency, and time constants
2.2.10.3 Frequency Response

A. Computes dimensional derivatives
B. For longitudinal case computes:
1. For U(S)/GE(S), a(S)/dE(S), and SS/éE(S) transfer
functions
a. Magnitude (decibels) as a function of frequency
b. Phase angle (degrees) as a function of frequency
C. TFor lateral directional case computes:
1. For 8(S)/6A(S), $(S)/€A(S), and w(S)/éA(S) transfer
functions
a. Magnitude (decibels) as a function of frequency
b. Phase angle (degrees) as a function of frequency
2. TFor B(S)/ﬁR(S), ¢(S)/6R(S), and v(S)/éR(S) transfer
functions
a. Magnitude (decibels) as a function of frequency

b. Phase angle (degrees) as a function of frequency

2.3 Known Program Limitations

This program was developed to aid in the preliminary analysis of
stability and control characteristics of general aviation aircraft.

Additional experience has shown that for certain configurations, limi-

"~
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tations exist within the program. In general the program was developed
to handle only tonventional designs. It is not set up to handle canards
or swept-forward wings. In addition, the following input guidelines
should be observed:
1) Aspect ratios of wing and tail surfaces should not be greater
than 10.0.
2) Quarter chord sweep angles for the wing and tail surfaces
must be positive.
3) The ratio between the fuselage length ahead of the wing and
the root chord should be checked by the equation
R = LNO/10(CROOT), where .15 < R < .95. The variables

LNO and CROOT are defined in Table 3.2.




SECTION 3

DEFINITION OF INPUTS

3,1 Input Methed

The input deck consists of one plain-language identification line
followed by three Fortran namelists, All variables in the program are
identified in Tables 3.1 and 3.2. Users should refer back to Section 2
as well as study Table 3.1 to determine the type(s) of analysis to specify
via the control parameters of namelist INCTL. Once this has been deter-
mined, the required variables may be specified by referring to Table 3.2,
Figures 3.1 through 3.26, and Section 5 of this manual. Table 3.2
identifies all variables alphabetically and notes whether they belong
to namelist INATOI (for variable names beginning with letters A through
I), or to namelist INKTOZ (for variable names beginning with letters K
through Z). After perusing Table 3.2, it should be evident that only
certain variables are required for different user-specified options.
When multiple cases are to be run, Tables 3.3, 3.4, and 3.5 should be
checked to insure that appropriate variables for the new options elected

for each case are included in the new input file.

3.2 Namelist Input

Fortran namelist methods are used exclusively in this computer
program., Table 3.6 summarizes some of the more fundamental rules per-
taining to their use. Table 3.7 follows with an example deck set up for
multiple case (4 cases) investigation. BAs illustrated, each case begins
with a plain-language identification line followed by the appearance of
namelists INCTL, INATOI, and INKTOZ, each of which contains at least

one variable. (See Note 2 of Table 3.7.) Each data set is terminated

3.1
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when the $END of namelist INKTOZ is detected. Note that while the first
case of Table 3.7 reflects a large number of input variables, the second,
third, and fourth cases are rather brief, Figure 3.1 is included to show

how the identification line may be formatted to generate a desired echo.

3.3 Input Errors

One major disadvantage of using namelists is that the variable
names must be spelled correctly. Here, misspelled variables will usually
result in program termination without an indication of exactly which
variable is misspelled. Hence, great care should be taken when creating
the input file. Common misspellings involve confusion between zero and
the letter O as well as between one and the letter I. 1In this manual,
zeros in variable names are indicated as @. Another source of program
termination involves the erroneous use of a semi-colon instead of a

comma to sSeparate variables.

(V8]
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Table 3.1: CONTROL VARIARIES

Variable: Set at:
il 0
1
12 0
1
13 1l
2
3
14 0
1
L5 0
1
16 0
1
110 0
1

{Namelist INCTL)
rfunction:
Computes stability derivatives (part I of program)
and stability characteristics (part III of

program). Reguires KINERT = 0 or 1.

Computes only stability derivatives (part I of
program) ,

No sensitivity analysis.

Part III of the program performs sensitivity
analyses on non-dimensional aircraft parameters as
given in Table 4.1 (elements 1-29, 46-60). The
analyses are controlled by input variables L3Sa,
NANLYS, and NSENSI. BAnalysis is conducted from a
minimum of .5 to a maximum of 1.5 the basic
derivative value and is incremented by (.05)*
{basic derivative value), Requires 11 = 15 = Lb = 0,
14 = 1, and KINERT = 0 or 1.

Longitudinal analysis only.

Lateral-directional analysis only.

Longitudinazl and lateral-directional analyses.

Does not output dynamic stability characteristics.
12 = 0 is inferred.

Outputs dynamic stability characteristics, 1l = 0
is required.

Does not output transfer function results,

Outputs transfer function results. Reguires
1l = 12 = 0.

Does not output freguency response results.

Outputs frequency response results, Requires
11 = 12 = 0,

Program only reads and echos input parameters after
certain basic geometric parameters are computed.

Allows execution of the program. .

3.3




Table 3.1 (continued)

Variable: Set at: Function:

112 0 Does not compute minimum control speed (part II
of the program).

1 Computes minimum control speed. Flight condition
must be takeoff where the variable TAS should be
input close to the anticipated VMC. Requires L3 = 3,

13 0 Does not compute rotation speed (part II of the
program). :
‘ 1l Computes rotation speed. Flight condition must be
‘ takeoff.
114 3 Computes only the inertia characteristics of the

‘ vehicle., Any other value of 114 will allow the
| program to execute normally.

KCONT 10 Horizontal stabilizer is fixed and the aircraft
is flown and trimmed with elevator.

| 12 An all-moveable horizontal tail is indicated where
| the aircraft is flown and trimmed with a stabilator,

KFIFR 0 Computes stability characteristics for pitch
controls fixed.

| 1 Computes stability characteristics for pitch
controls free.

KINERT 0 Aircraft inertia characteristics are input via
variables INERTX, INERTY, INERTZ, and IXZ.

1 Aircraft inertia characteristics are computed
from input data.

2 No aircraft inertia characteristics input or
computed. Note that inertia characteristics
are not required when 11 = 1.

KSURF 0 Elevator hinge moments C s Cy and aa/aée
‘ a o)
; are computed.
1 Hinge moment characteristics are input as

variables CHA, CHD, and DADD.

(W]

~




*TTe3 [eIuOoZTAOY 8yl jo orjex 3dadsy
.m\mp ‘butm syj Jo otjex joadsy

*anduy 8q 30U PIBdU JWAIL PU® OHY ‘paiarsap
81e SUOTITPUOD Aep paepuels JT *399F uT 9pNITITE WYHOTTJI

*33JTT o9z 103 (suerpex ut) Apoq-bugm syl jo yoeizjze-jo-orbuy

*Apog-butm 8y3 Jo ysemumop syl woxJ PIIRTOST ST [T} 93 8Iaym
3JTT ©I9% I03J (SUBTpeX uf) TFeDI TePIUozrioy Jo oejje-jo-arbuy

*sder3 pa3loaTjop Jo 3293F9 opn[our *8*T °*patirorads uoyrlex
-nbTJuocd ayl 103 (suerpea) 3IIJFT oxsz I03J burm Jo yoejzje-jo-arbuy

°y %% Fu T
e/ zU\ O+ zux <o~

‘'t 107 =¢1
g8°'¢c usym pasn jndur ‘pioyo Burm 03 pPAOYD UOISTTE JO oflex abeiaay

*( = JALN uaym pasn jndug .Nuu ut eaJe jaTuy aurbus 3ap

‘€ 10 7 = €1
usym pasn Induy - .Num JUT eai® TBUOT3DaS s5010 abelasn] abeisaay

=¢ a0 mz< HYVY

¥ 10 yv uv

LTIV

0 fIMOd TV

0 HOdTV

0 OTHJITV

bae
2% (M5/%5) VHOOTY

¥ TINTV

¥YSJav

oummﬂm uotdraonsaq
03 Iajay

UGTIEION  STqeTIEA .

butasautbug andur

‘I ybnoayy ¥ S193397 YITA DUTUUTHSY SSTQRTIRA SUTEIUCD IOLYNI ISTTOWEN 1930N

(IOLUYNI 3stT2wepN)

SUHLIWYYYd LOINT $2°'€ ST9®lL

3.5




S'¢
61°¢€

61°¢

61°¢€

2xnbt1 4
03 1939y

‘¢ 10 7z = ¢ uaym pasn ndur

‘313 ut uor3els defJ paeoqul O3 SUTTIAIIUDD DBUrM WO ddueISTd
butm aya 03 aury 3Isniyaz ayyz jJo uorarsod [exo3IeT BYI JO OTIEY
*3andur j0u JT ZE90' 03I ITNeILaq

*andut jou JT 0Z80° 03 Irnejeg

*andut jou 3JT €£690° 03 3ITneisg

‘L # FAIN PU® O < NI IT Pasn andur ‘paznseow

ST OT3exX 3yl YOTyM B snTpex aarierax ajeorpur sidraosqng
*x9owerp xsytadoxd o3 yaptm aperq aarredoad jo oraey

*0 se andur JT *bsp g- 031 sanejsag ‘seosabsp ur arbue jueq

. *saajowered andur yitm psoyod ‘WIS pue ‘Mms
‘pOWIa ‘yvy uo paseq paindwop) *33 ur uedsburm *3andur ou oqg

*T = JHANIX 10 € = pT1 3T Pasn andug
*0 Indut ‘jyuey dta ou jr *33 ur jueadrl burm jo yabuag

*AWIS Pue ‘ApOWIAd ‘JAS SOTqeTIeA
Y3ITM BPTOUTOD ISN °*TTEI [eOoT131I9A pasodxs Jo oriex joadsy

T
wn Idviad
*ueds-tuas __<
! G|
a/ x HOONIH
m.
(a/qa) ogad
o.
(a/q) ogad
m'
(a/q) cdad
*T = ¢TI uaym pasn
) ANV
M
q 1o q 12|
-—b
d T S1XVY
A
¥ 10 >m< AUV
uot3dTaosaq UOT3eION aTgeraep
butasasutbug andug

(IOLUYNI 3ISTT3weN)

(PANUTIUOD) SUALIWYHYL LNINI :Z°€ OT9ed

3.6




1T ¢

61°¢

2aInbr 4
03 1239y

*T = JYIANIA IO ¢ = PTT uaym pasn
*oxez 3jndut ‘yuey dry ou Jr ‘33 ur queildti burm jJo a9jswerq

*sasjsweaed 3ndur y3zgm paoydy *AWIS Pue ‘LAS ‘APOWIA ‘A¥W
uo paseq pajndwo) '3 uf Tye3 Teorjasa jo ueds *anduy j0u og

‘T = €17 uaym pasn 3anduy *3sax 3B ST 3IJeadA[e ayl
Usym suetpea ur punoab ayj yitm stxe Apoq 3jeidiate ayl jo arbuy

*L # dKIN PU® Q0 < dNF uaym pasn *saai1bsp G*Tz ST enea j[nejaq
*soaabap ur uot3lels snfpex gL' 8yl 3k atbue sperq isyredoig

‘L # FALN PuUe 0 < gNd uaym pasn jndug
‘a1qetaea iabajur ‘*sutbua xad seperq izayredoad jo asquny

*saejswered Jndut y3jTm pooydy HWIS PU® ‘IHS ‘HPOWIA ‘HUV
uo paseq pajnduwo) ‘33 ur Tre3 fejuoztaoy jo ueds *3andur jou oqg

T = JYANIY 30 € = pTT usym pasn ndur *HM uo
paseq anTea o3 sirnejyep weiboad g*g se andur Jr ‘*ueds Huym
9yl o3 ueds juej [anj paeoquyl udaM3IAq BOUBRISTP BYJ JO OTIey

T = LYANIX X0 g = pT1 uaym
pesn 3ndur ‘*ueds buym o3 ueds duej fanj paeoqino jo oriey

*€ 10 z = ¢71 usym 3ndur cueds Hbuim o3 ueds der3 jo ofjey

eao sIxd
A
q Iad
@:soumm
8 ONVQod
sty ONVIH
Hnz 14
Hq TC)
»
M ﬁﬁmzw
( a/ q) 173048
M © anjJ
( as t qa) TanJdd
M
n\un doag
uoTidTadsag UOT3e30N aTqerxep
bugaesuybug andug

(IOLUNI 3ISTTaWey)

(PonuUTUOD) SUFLIWVHYI ININI $g°€ o1qel

3.7




*Z1 = INODM UITM TTe3 TeIu0ZTIOY S[qeAow TTe J0J T = DOED

°n_ S u *u_ta
2/ 9/ o+ T2/ T0)

(TOJLUNI 3ISTToWeN)

(PONUTIUOD) SHAJIWYUYL LNINI 2°€ @19l

bae
6°¢t *PIOYD TTR]I TRIUOZTIOY O pPAOYD I103eASTa JO OTjex abexaay A A:U\moy 204D
*1T = €11 70 zT1 ssotun 3ndur ST 4D JT oo
paatnbax 30N '33JTT 019z 3e 3jexdate o31a7dwod Jo UITOTIFP00 beaq o} oan
T OQ
*(duwd/ D + D) se a
poandwod ‘3ndut jou 3Jp *3Fexoare 93I9Tdwod jo u:mﬁmﬁuuwoo beag o) an
‘0 = JdNsSy usym 3 q
81'¢ pasn indur ‘paoyo derj o3 aduevIRq I0IEADTD JO PAOYD JO OoT3ey o/ o 40040
*sxojewezed jndut yatm psoydy ‘WIS Pue ‘Ms ‘yOWIad ‘uv uo paseq "
8°'¢ poandwo) *33 ut burm jJo paoyd Orweudporse uesy *3ndur Jou oq 0 MmuvdanD
*sxajowexed andut
U3aTm peoydd  AWIS Pu® ‘IAS ‘ApOWIA ‘Any uo paseq pajndwod A
11°'¢ *3J uT TTe3 [eOTIXBA JO piroyd orweudporse ues *3Indut 3Jou og o} LAUYLD
*sxajowexed jndur
Y3aTm peoyod *HWIS Pue ‘JHS ‘HpOWId ‘Hyv uo paseq pa3jnduo)d .
6°'¢t *3J utr [Fel [e3luozraoy Jjo paoyod otweudpoxae uesy *indur 3jou od ﬁo JLHYUYD
axabt g uotdradsaq UOT3IPION aIqetaepn
03 a9jay but xesutbhuyg ndug




81°¢

L't

IT°¢

£T1°¢

2aubt g
03 1938y

‘PaIndwod ST QHO Pu® 0 = JHNSH
3T Paxoubt sT 3Indur T = JUASH usym pasn 3nduf *uerpex xad
UOTIDBT ISP JOIRASTA YITM JUSTOTIJ200 jJuawow abufy JO uUOTIETIRA

‘pPe3ndwod ST WHO PuB 0 = JUNSA
3T pazoubt st andur T = JyASH Uoym pasn 3nduy cueypex xad
jyoejje-jo-atbue yjzfm JUSTOTIIB0O Jusuwow 9buty jo uotieyaep

‘0 = Junsy usym pasn jndur ‘*pafess st
deb ay3y 37 10 [rE3 TRjUOZIIOY BTqEACW 1T® 103 *0 andur °paoys
Stweudporee uesuw Tre3 Tejuozyfioy o3 deb 9J0BJINS TOIJUOD JO oFjey

.-H =

LYANIN I0 g = pTT usym pasn *(umop o dn aesb *a°y) *pazireue
butaq uotjeanbryuod YBITF 8yl 103 33 ur auryIajusd aberasny
3y3 o1 L3taeab jo isjuad ieab butpuel utew jo adue3lstp TeTPRey

o> Ou fa ﬂ&
2/ (2 O+ 2/ D)

‘€ I0 g = ¢T udym pasn
andur  *pioyo [ye3 [esrjisa o3 PIOYD x8ppni jJo orjes abersay

o, © T, T
2/ ( "oy Ty Moy o)

‘T = €TT 10 ¢ 10 Z = ¢1
uays pasn jndur ‘paoyo buim 03 paoyo de1J 3jo orjea abeasay

uot3dT a558q

(TOLNUNI 3Istrawen)

(PoNUTIUOD) SHIALAWWIVd LNANI $¢'€ o1ded

°9
45 aud

0
:o VHO

deb
:w\ 2 2090
Tps 190

bae A 1
{ 2/ 2) AD0dD

bae & 3
( c\uov 2040
uoT3ejoN aTqerxep
butasaurbug anduy

3.9




2aInbTd

03 x3Jjay

*weaxls 291J a9yl o3 [arreaed pautriap

yaoq “31JT OX9z 1€ SIUSTOTIIS0D Juswow butyolrd UOTIODS 3yl e
dra 3001 dra 3001
(¢} o o

o
w w w w
o pue o dxaym *z/{ o + 0) se andut sty3

ajernoteo ‘jusseoad ST 3ISTMI JI  °3ITT 0192 e Hurm ay3l jJo I33uadd
otweukpoise 9yl JInoqe JUSTOTIFS0D Juduow puryoatd 1eUOTIODS

*3JTT 0A92 1B T1Ee3 TRIUOZTION 8Y3l JO I83uadd
otweudpoise 9yl Inoqe JUSTOTIIB0D Jusuou butyos3ird Teuotrioasg

‘T = €I

uayM pasn ST OLXWID °Suorie[nored psads [OIUOD winututw 103
pasn ST 1933l 8yl aiaym “TIviSA Indur 8yl o3 pa3liegaa jou

ST pue suotjefrnored paeds uorieljox ut Afuo pasn *3I0933d
punoab JO INO UOTITPUOD FJOBRF UT JUSTOTIISO0O JJTT WOWTXERW

* Z9quInu
aantjebau e se anduy *auauwouw Hbutyoitd dn asou e butjeaxo
103 TTe3 TeIuozTIoy 9yl JO JUSTIOTIIB0D IJTT aatriebau uwmuTXeR

* IoquInU

aatatsod e se jndur ‘jusuou putyoatd umop ssou e HurleaId
10J TE3 [PIUOZTIOY dYI JO IUITOTIIP0D IITT aatatsod wnwixew

suerpex 1ad burm Jo adO[S BAIND IJTT TRUOTIOBS

cuyerpex xod Tre3 TeOTIASA JO 9dOTS 2AIND IITT TRUOTIOBS

suetpex 1ad Trel [eIUOZTIOY JO adOTS SAIND IJTT TBUOTIDDS

uot3dyaosaa

(IOLYNI 3ISTTOWEN)

(penuT3uU0D) SYAJAWYYYd LAINI '€ °TdeRlL

M
o
w
o ZMOYWO
Yo
w
2 CHIOYWO
o3
xeu
T -
o] QLXWID
:ﬁsz
T
9] NIWHTO
xmsc
,HO XYWIITO
sdq
o dMVYTIO
A
0
¥
J dAYIO
sda
o) auvIo
UOTIEION arqetaep
butzssuthug andug

3.10




0z'e

Il'¢

6°¢

€T ¢

BaInhT4d
03 i2jay

"L

Jo ssaTpaebexr T = JYANIY I0 € =

§5010 juateatnba uo paseq

JALN udym T
yTT 3T andug

3T peanduiod sT ggva pue paioubt st andufr

pasn 3ndug

*OM U3IPTA utqed pue ‘WIS ‘MS ‘pOWIQ ‘uv uo paseq pajndwo)

*90PJIANS TOIJUOD B JO SSOUDATINBIJD

ZTT 3T 10 ‘FXAIN

‘eaze TRUOTID3S

‘33 ur x9joweTp °F

T20eU 8beaaay

'0 = JunsA

T = JunNsA uaym

yoejje~jo-arbuy

*saajawexed jndutr yij s peoyog

uotjoun{ burm-sberasny e burm Jo paoyd 300y

y3ta paoyog

*s19

ut SUTTaI23udd abeTasny 3e Hurm JOo pIoyd 300y

3ndutr yjtm paoyoyg
paindwo)

*AWIS Pue ‘LAS ‘ApOWIQ
*3J UT TTel TedT3a8A JO pPIOUDd 300y

*saajowexed jndutr yits

pue ‘pys ‘HpOWIa ‘Huv uo paseq pajnduo)
sberasny ay3 3e [fel TeIUOZTIOY JO PIoYyd 300y

‘37

*3F ut
*3nduf 30u og

Jowexed 3ndufg

‘WIS Pue ‘Ms ‘pOWIa ‘uv uo paseq peindwo) *33

*3ndut jou oqg

* saajauwexed
‘AUY uo paseq
*andug 30u oq

paoyssd  "HWIS
Ut ouUTTI93UI3D
*andut jou og

‘uoT3edor dery abeasse ue je pajoeilax sderj ayl yarm
paoyo butrm o3 papuaixa sdery syl yarm paoyo burm jo ofjey

(IOJNUNI 3ISTToweN)

uot3dyaosaq

(PonuUTUOD) SUALAWVYYY LNINT

iz'e

aiqey

oeu
P NYVEd
9e/0e aava
M
b
2 MIOOYD
M
AUu
o MTOUD
A
10,
o LATOHO
chu
] JHTOUO
D/4d 2040
UoT3ej0N OTqeraep
butasaurbug andut

3.11



150 B

AN

vi'e

2aInbT d
03 939y

*goaabap ur TTEI [EOTIXLA 2yl jJo a1bue desms piroyd aa3aend
*soaabep ur TTE} [eIUOZTIOY 3yl jo otbue dsams paoyd Ia3aeng
*seaabap ut burm ayl jo arbue desms paoyd 1a3xend

"¢ X0 7 = ¢1 usym pasq
*saaabop UT T3 TPIUOZTIOY 3|43 jJO ofbue TRIP3BYTIP OTIIBWOIH

usaym pasn ‘soaabap ur burm Byl Jo arbue Tespayrp OTIID2W029H
*/ = @ALN U9YM pasn ‘Iaqunu YoeW YITM (T UT 3Isnayl ut abuey)

*T = €TT 20 € 10 gz = ¢1 3T P3asn *gooabap ur uotadariep dery burm
pesn ‘6vE’— ST on[ea 3itnegad ‘0T = JLNODM Udym wriy JI03 paxrnbax

m@ aya Aq pspoeoxa ST onyeAa STy} jJT dbessaw e ajevasusab 03 Afuo
pesn ‘xequmu aatiebosu e se jndur UOTIDBATP aATaEbauU Byl se usel
st dn 219YyM SURTPRI UT UOTIODTASP IT0IBASTD aaTIeb2U UMWTXeR

‘0T = INOOYM UBUyM pasn  ‘6bE" ST @n[®A Atneiyad ‘0l = INOOX usys

wrxy xoj paarnbax mo oyl Aq pops9ox® ST onfea sTyl It abessau
e ojexaush o3 A[uo pasn *uor3IVBATP SATITSOd Byl Se udyel
ST UMOP 9I8YM SUPTPEX UT UOTIOBTISP I0ILASTD antarsod wnwrxey

A
v/,

AVOWIC
y
o/
/T, HYOWTC
2
lv\=< pond
Y
g (anrd
‘g 30 ¢ = ¢1 "
I anida
N .
WQ/ a9 WINAd
de
Y Q avidad
‘0T = INOOA Usaysm
utw
d .
Q TWLTIIA
Xew
A
Q YW.LIad
uotadraosaq uoT 30N argetrxea
putasautbug anduy

(IOLYNI 2ASTT2WeN)

(penuTauod) SYIALIWYYYd JNINI :2°€ dTdeL




*paoyd zajaenb j00a X : .
TFe} [PRUOZTIACY BY3 O3 8S0oU FJead2ATe BY3 WoiJ IJ ur aduelsig v\Ha Hy 14 !
| i
‘T = JYANIA X0 € = pIT uUdym pasn  *3J ut Tyel L o
g*¢ TedT3a3a Jo A3yaeab jo 193usd 03 3JRADITE JO OSOU WOAJ BOURYSTQ X ADDTE : |
*T = LUANIY 10 € = pTT Usym pasn °3J ur [Fel [ejUOZTaoy Ug o
€€ Jo A3raexb jo 183udd 03 3IJRIDATE JO BSOU WOIJ 8OURISTQ X HOO1d
|
5 |
€'¢ *33 ur L31AeRID JO 193Us8D 3JRIDATR BY] O3 BSOU WOIF DOUBISTQ b X 9514
‘TF7e3 buyaow J1e 103 0°Q Indur “cueds k|
6°€ -3JTey T[Te3 [e3U0ZTIOY JO UOTIDRIJ B SB JI03BA3TE JO UOTIROOT paeoquY ﬁ: V.33
*1t1e3 butaow [Te 103 o°'T Induy ‘ueds a, - .
6°C -3TeY TTe3 Te3UO2TJ0Y JO UOTIDRIJ B SE I03BA3T® JO UOTIBIOT PAROGINQ u gyLaa -t i
)
T = €11 usym pasn  *£80° ST onfea afnejag ‘*o9s/pea ug
punoxb 8yl uo [TT3I5 ILdH urew YIfm 33RI JeRUOTIEIOX 33erdaty mnuv\wvv HIAJIA
*T = €11 ua2ys pasn  *£g0° ST enfea jfneisaq ‘*oes/pex
uUT jjoayej jo aseyd uorielox burinp 8jeI TRUuorlelox JFRADATY <au©\o©v viaad
. . doad “
G*'¢ L # dAIN PUe 0 < dNJ IT Indur °33 ur zarredoad jo zajawerq p doydda
‘0 = JunsA
uaym pasn ndur  * (g7 = LNODM Pue T = D0dD) TTEI STqeRAOW TTE 4
JT oxsz 3ndur ‘seaibap uy eTbue deems aury abufy aojeasalq Vv THHWIA
2inbT 4 uotadT a058(Q uoT3ejoN aTqetaejp
03 J23ay butaoautbuyg anduy

(IOLUNI 3styawep)

(PonUT3U0D) SUALAWWIVA JNINT fZ°€ orqedl




I TARY

vz'e

12°¢

2anbtd
03 19334

*T = LYIANIM X0 € = pTT usym
paspn  *juel dra 8yl jo Ajraeab Jo I93uUdD BY) 07} SDUTTIIUD
sberasny 8yl Puole 8sou IJRIDATE BYI WoAJ I UT 2OURISTI]

24l JO Pua JuoIF Iy} O3 SSOuU JJRIDITE Byl woijy 13 ut yibusg

T = JYMANIM 10 € = vT1
uoym pasn andur cayradeu sutbus syl jo 33 ur yarbual TreIano

*€ X0 gz = ¢ udym pasn °syojawexed Jndut yiTm paoyda pue
Axyewosb 3andur uo paseq paindwo) paemiesal se uaxel aatratsod
fsTTe3 TEODTII9A puR TRIUOZTIOY dY} JO UOTIOISIBIUT JO

SUTT 9yl uo [re3l [eluozTioy jJo obps burpesa pue [T} TPOTIASA
Jjo obps burpee uU39M3adq 3J UT 9DUBISI( *andut 3ou og

+sxojouwexed ndut y3iTs pooyos pue Axjowosb

jndut uo peseq pajndwo) *TTe3 [LIUOZTIOY 3yl JO pPIoYd
xa3xenb paoyo otureuiporae uesw ayl o} PAOYD 193aenb paoyo
orweudpoise uesw Hburm 8yl WOIJ IJ uT BdUEIST] *andur 30U oqg

‘trel o3 @sou woaj aberasuny syl jo 3IF ur yabuot

*auTTI23Ud0 aberasny ayli e proyd
zo37enb HurM Byl 03 ISOU JFEADATE BYI WOIJ IJ UT dDULISTJ

*AWIS Pue ‘ApOWId ‘Auv ‘IAS UO pPaseq ST
Kx3yswoab Tred [eOTIIBA 3Y3 dI9YyM pIoyd a9aaenb 3001 TR
Te0T3I9A BY3 O3 DSOU IJeIDATe BYI WOoIj IJ UT SOUBISTIg

Sdy

Ho
X JILTH
)
112oeu autbus oeu
i 8 JUNTA
oeu
s Ngect
ONLTI
Y
o8 JHIA
SN
Ma g1
BAU
b §
o)
v\Ha MPOTH
x
o)
V\Ha AV ITI
uotradTaosag uoT 3230N afqer-iea
putasautbuy andug

(TOJUNI ISTT9WeN)

(PPNUTIUOD) SUALIWWHYL LNINI *Z°€ @TqedL




LT ¢

1T°e

11°¢

ve'e

21nbT g
073 J9jey

*0T = INODM UY3its 3Indut 8q Isnw HIXA JO anfea
3091100 B ‘QT 03 2T woaj pebueyo s} LNODM 2I9ym apew aie suni

aTdy3Tnw uaym :3uejzedur ‘g = wc Yaim wial Joj He uoT 30T 38p

ayy ajernored TTTa wezboad ayjz pue ‘paarnbax jou st 3andutr S§y3l

=]
27 = LNODM JT (01 = ILNODYM) @ a03eAdT® YIJTm pawwtil ST suetrd
~ITe 8yl 8Xdym SUBTPEI UT SDOUdPTIIUT JO aTbue [Tl TEIUOZTIOH

*¢ 10 gz = ¢'T uaym pasp ‘ueds Trel
Teotixaa pasodxs jJo uopldeij e se ieppni jo uorirsod woiljogd

*¢ 30 z = ¢T uaym pesn ‘ueds [yel
Teor3aoa pasodxa jJo uorjoeaj e se xsppna jo uoritsod doy

'€ JO 7z = ¢ usym pasp ‘ueds
-Twds HBUTM JO UOTIORIJ B S UOIDTIR JO uorjrsod paeoqul

*¢ 10 7 = ¢ usym pasp ‘ueds
-Twas Bufm jJo uoT3oerII B Se uoad[Te jo uorirsod paeoqing

*arqeraes aabajur *saurbus jo Iaquny

*T = JUANIY I0 € = pTT1 ueym Afuo pasn ‘*burm ay3y jo A3raexb
JO I23uU8d 9yl 073 9SOU JFJRADAITE 8yl WoxJ 3J uy a8duelsiqg

*sasjswered ndut
Y3Its pooydg  ‘9I1a pue Axjswoeb aToTysa uo paseq pajindwo)
*TTel Tejuozriaoy 3yl Jo I83uad otweudporse ayj3 o3 Ljraeab
JO I93uUaD 3FBADATE BY3F woIF 3IF ur 2dueistqg *Indur jou oqg

uo13dT a0s8q

{ TO.LUNI 3ISTTDWEN)

(PENUTIUOD) SUAIIWVHYS JNINI :Z°€ 9Tqel

T HEXE
>ﬂ
7 ATVLIE
A
(9]
u ABYLE
4._”
u AR AR
L4
(o]
U vgLd
bua
N AN
3mo
x ONIMTH
Hy e
UOTJIRION  ATqeTIep
putaeaurbugy andug




‘€ X0 7 = €T usaym poasn *(2J) *9sou syl wolj paansesu Se uoriels

yabuay a93axenb saayl obefasny aya e aberasny syl jo ybtay N: ZH
*€ 10 7z = ¢T Uaym poasn (33J) °*°sou ayl woxj paansesw se
uotijels yabuoay a23xenb sbersasny ayl e aberasny oyl jo WbTaY Hc ™
"1 = dNg Pue , # JRIN udaym pasn *3urod 5
proyo xejxenb Hurm sy3 e 13 UT uUIged BYI JO YIPTM Y] q a0omd
*T = LUINIY 10 € = bTT usys pasgn 1on3
*189°'9 = 3Tnejaa ‘Teb/sqr ur [on3 jo ybram oryroadg d atand
‘suerpex ut "
stxe Apoq-X 2yl o3 SATIRT9I painsesaw afbue sousproutr Hurm T MA XS
vZ°'e *suerpex ut afbue aousproUT ISNIAYY, &ﬂ LAAT
*ZT = INODA
uaym pasn  ‘ehg°— = ITNEIDQ  °ZT = INOOA Usysm antea STyl
spoooxa wixl 103 paxrnbax Iﬁ ay3 Jt obessow e sjvidusb
03 Afuo pasn ‘suerpea ur [IE} [RIUCZTIOY 3yl Jo (umop utui
LTI°E sbpa butpeay *o°T) 2ousproutr JO oTbue satriebsu wnurxey :ﬁ TWIIT AL
*Z1 = INOOM u2ym pPasn ‘6bg® = ITneiad °gT = JNODIA usym
snTea sTyl Spoaoxa wiral xoJ paarnbax mﬂ ayl Jt abessou e
sjexsusbh 03 Afuo pesn ‘suerpex ut [Iel Tejuozraoy ayl jo xeul
LT1°€E (dn abpa buipesar °*2°7) 9adousaprour jo arbue aarirsod wnwixew :ﬂ YWHAAA
ainbtg uotdTadosaqg uOT3BI0N afqetiep
03 I939y butassutbug anduz

(IOLYNI 3ISTT3WeN)

(PPNUTIUOD) SHALIWVUVd LNINI 32°€ 91q®lL

2.16




ve'e

2aubt g

03 1338y

‘sarqeraea
jurod butileol3 @1 ZXI Pu® ‘ZLudANI ‘ALYANI ‘XLYANI  $930Nxxx

*T = JUANIY 10 ¢ = pTT uaym pajndwo)

‘T # LYaNIy o:m x PTT 3T ZIYANI PUB ‘XLYaANI ‘XLYANT YITa 9yl 2%
lwoou uDQCH = T1 usym pasn Num s uy Mﬂuuw:ﬁ JO 3onpoxg T ZXI
"T = LYANIY X0 ¢ = pTT ueym paindwo)d °*T £ LYdANIN pue ¢ A vTT 37
ZXI PU® ‘XLMANI ‘XJMENI Y3Ta I943sbo3 andur *g = T usym pasq -
.Nuunﬁm Ul STXe 7z s,33eadITe ayj 3noqe BIIISUT JO JUSUOK 1 ZLHANT
‘T = LYANIX J0 € = pTT uaym pajndwod °*T # LUANIX PU® ¢ # pTT IT
ZXI PU® ‘ZLYANI ‘XINANI Y3TM 18y3eboy jndur *q = TT uaym pasy A
.Nuunﬂw UT STX® & S,3JeIDITe 8yl 3noqe BTRA8UT JO Jusuwoy I XLUANI
'T = JMANIM 30 € = pTT uaym pajndwod *T # LuaNIX Pue ¢ # pI1 3T
ZXI PU® ‘ZLUANI ‘XLUANI Y3Tm aayjsboy andur °g = TI uaym pas( XX
.mamzﬂm UT STXE X S,313JeID1Te 8yl 3nogqe eT3I8UT JO IJUSWOW I XLUANT
.Han.E
‘L # JALN Usym pas() °*[oAdT eas je autbua iad Tamodasaoy wnwtXep du STSHAH
T = €T1 usym pasn *3sa1 je© ST AjerdaTe uaym unob
33 uy @:90&@ anoqe butm jo 193uad opweudpoise Jo Jybtay P y JHOTHH
*T = LYANIY 0 5
£ = VIT 30 g X0 g = g7 udym pasn *33 uy jybyay uyqge)d y OH
uoT jdyadseqg UOT 330N aTqeyaep
butaesutbug andurt

(IOLUNI 3IST[awey)

(PENUTIUOD) SUALAWVIYI LOJINT 1Z2°'¢ |1qey

3.17

Bt et T




12°¢

Tz ¢

AR

0Z'¢€

9z°'¢

oanbtd
01 1939y

T = zI uUdyM pasn (TBUOTIDDATP [BADIBT :g= °*TeuUrp
-n3ThUOT :1=) *OATIEATISP TRUOTIDDIATP-TRIDIL] 10 Teuipnitbuor
B ST (I)ISNASN I1941aym 93BOTPUT O3 pPasn aTqeraea TOIjuUOD

‘arqeraea jurod burjeold *gOIHd Pu® 1OIHd UITA I9y3labol asp
‘wxoguetd TeotadrTT® YITM Buod TR aberasni Jo 33 ur yabusT

*€ I0 7 = gT Usym pasn °*I[qRIIBA
qutod ButleOTJ °ISNIHJ UITMA I9yladboj as ‘uotidaload
apts 1eoTadI[T® YITM uorioses asou aberasniy jo 13J ut yjbuag

*arqeraea jutod HUTIROTI  *ZNIHA PUB ININd UYITM 19432603 oS
ruxojuerd teoradrTI® YITM UOTIDaS asou aberasny jo 33 ur yrbuag

*saojawexed jndur y3itm paoyoa pue Aijzswosb uo
poseq peindwo) *srqeraea jurod Hbutrieoydg 233 utr abps burpest
butm jJo juoa3y ur uotioss aberssny Jo yabuay *3udur 30U OQ

pue o < NI usym pasn ‘aiqerxea jurod butieord *3F
ut 9bps HurpeaT butm JO JUOIJ uUT ST[IOPU BduTbHUd Jo YIbuag

T = LUININ X0 € = §11T
uayMm posg ‘*arqeraea jurod burjeord *aJ ur aurbua Jo yibuog

pasn andur ‘*asou daeys 3¢ = SN ‘osou OTAdITTd 2 = SN
*9s0uU papunox (T = SN °JIOIBITICeIS :Q = SNM ‘'I03eA3TD 3yl
Jo obps butpesal aya jo adeys syl burjousp o[qeTIRA TOIIUOD

¥Se'l
TE7]
TFey L1
SINT
asou
Y 1M1
asou
¥ ON'T
"L # BAIN
oeu
¥ NI
buas
¥ ONTT
‘0 = JUNsy usym
SNA
uotydraosaqg UOTEION atqetraea
butaesurbuy Jnduy

*7Z ybnoayl y s19339T YITA Butuurhaq SaTQETIRA SUTEIUOD 7ZOJIMNI ISTIOWEN $23IO0N

( ZOIMNI 3STToWeN)

(PONUTIUOD ) SHALAWYUYI LNINI *Z°€ STqed

.18

o




0T'¢

ST*°€

ve'e

2anbt g
03 1338y

(. = UALN uUays pasn * Iaqumu

jutod burjeorg °oes/Ts uy aupbus 38 ybnoayi ajex MOTJ SSER

‘0 = JUNSH

Usym pasq *s3STXa uxoy ou J¥ oxaz 3ndur ‘*arqeraea jurod

burjeord ‘esie ayj Aq perrdriTnw esie ay3 jo proijusd a8yl
03 BUTT IBUTY BY3 WOIF SOUBISTP BY3 ST JUsWOW Byl *JUBWOW
der3y 103eA5Td 03 Jusuwow uioy Ofweulpors® I0JRASBTd JO or3ey

‘T = ZTT uaym pasn  '6pg* = 3Tnejgaqg
ucmﬁuxME< u:mﬂucﬂs<
VAN Q + Q)

*a1geraea jugod
burjeorq “‘suerpex uy uor3loayiep UoIaTTe wnuwixew abexaay

*sza3suwexed

ndur yitm paoyoas pue ‘9yrg pue Kijowosb aToTyan uo paseq
poindwo)d *arqeraea juyod Burieora *paoyo otweukpoise uesw
TTe3 Tedr3asa ay3y jo 3jutod paoyo isjaenb syi oy A3yaeab

Jo 1183usd j3jeIDATE WOAF 31F uf Aduelstg  *Induy jou og

‘€ I0 g = ¢ usym pasq ‘srqeraea
jutod ButjleOTd  *TSIINHd Y3ITM Iay3abol as( ‘uotioefoad
8pTs Teor3dI{1e Yyirm uoT3ldas [rel aberasny jo 33 utr yijbuag

uotidTaosaqg

( 200MNT 3ISTTSWeN)

(PoNUTIUOD) SYUALAWWIVYA LNINI $Z°'€ o1qel

ur TISSKH
I03eaatra
W
uxo
:2 JWHW
xew
e TIVXUNW
A
L] AT
SIT
UOTJBRION  STqeTaep
buyassurbug

andug

3.19

T ey T———




2anbtda
03 193924

T = LYINIXA
10 ¢ = pTT Usym pasn ‘oTqeraea xebajur  "IFeIOIATE BY3 UT
jortd Atuo bButumsse ‘jorrd 2yl purpnyoxs sasbuassed jo xaqunnN

*o1qEssod IaadULyM 3JeIDATE AT

103 entea e andut ‘orastwrido aq Kew surea butm peindwod STY3I
aoUTS *VYOWIQ bue ‘WIS ‘yy uo paseq butm 8yl 103 paandwod aq
TITM @ntea e ‘g ST anfea anduy 3T *1030BJ AOUDTOTII® auetdaty

*aurbus uegyoqaniy I0 jeloqany $¢ = AXLN

*guerdiate

uantap xayradoad e s83jousp L IO 0 1deoxa 1aqunu Aue
aostndoad ON :0

JALN
JALN

1

[t}

s sostndoad 3jexoare jJo adka ajouap 03 pesn argerIea TO0IFU0D

*L # FKIN
3T Induy ‘S[qerieA jutod butaeorg *AdOUSTOTIIO xar1edoag

. *1'y ©1qel ur uaAtrb st saaqunu (1)ISNASN
putpuodsa1iod YITM SSATIBATIIP Kattrqeas ay3 Jo 3ISTT ¥ °*V¥SeT
1od feuorlodITP-TRIDIR] TR IO feurpnitbuor Tre ‘santea
SKINYN anduy ‘*auop 8q o3 °i1e sosATeue AJTATITSUSS UYoTym 103
SOATIBATIABP K3TTTqeaISs TRUOTSUSWTPp-UOU 3yl JO (oz xeu) Reaay

*1 = T 9I9UyM UOTINDIXD |DEd I0J PaIPUS-3X 39 Jsnui 8d0UdYy pue

suotanoaxa wexboxd juenbasqns 103 0192 O3 paztreratut skemge
ST @rgetrieA STYJ ‘unx 3q 03 sasAreue AJTATITSUSS JO Ja@qUNN

uoTadT 1052

(ZOJDINI ISTISWEN)

(PonUTIUOD) SUILAWYUYd LOINI. 3Z°€ °T9®L

xed
N XVd

C AMSO

JAIN

doxd
oy N

ISNASN

SATNUN

UOT3IBION aTqet1eA
butasautbuy andut

«
(e




1 FARY

BEZ'C
egee

ege'e

egg e
egz e

Bge'e

£C'¢E
®InbT g

03 13389y

‘I03eADT® 9yl Jo sedejans Iamol pue aaddn y
Aq ebpe burTrexay syl je peuioj soaibap ur a7bue papnrouy 8yl mae HYd.LHd
‘€ X0 Z = g1 udym pasp S
*uot3joafoad oprs 103 STNT Yafm aspn  * xajowexed adeys auoo asop T ¢ TISNIHd
Zu
*INT Yy3Itm @sn  *xejswesed adeys auoo asop (1] ZNIHd
Tu
*INT Y3atm asn  caojeuwered adeys auoo asop ¢ INIHA
‘€ X0 gz = ¢T usym pasg S5
‘uorioafoxd apys 103 SIT Y3t osn  * a9jawexed adeys suoo TyeY, 1 ¢ TISOIHd
A .o
‘LT Y3rm esn  *asjewexed adeys suod Tyey ¢ ¢OTIHd
T°
‘LT Yarm s aejsweaed adeys auod rey, ¢ IOIHd
*T = €TT uaym paads uorieloa 10 T = ZTT
uaym psads TOI3UOD WNWTUTW JO SITNSSI 8Y3} 309JJ° 30U sa0p
ndur STYL T 03 ‘0 woiJ butbues antea Teurosp e se jndur
‘Pasn pue pajindwod aq [TTM YbBTTF pajesaresoeun T9A8T 103 zomod
paafnbax anyea ay3 ‘g se andur 3IT *3Isnayl xo remod juadiag % MOJudd
‘0 = JUNSy uaym pasn
*anTea sTyl Induy fsisyxa gi'g 614 uf umoys se atbue
ToABq B JT *103eAdTd 8Yy3 jo saoejans Jomol pue zaddn
9yl uo sjutod paoyo %66 PUB $G6 Ayl BUTIOBUUOD umesp BIe
SautT 3ybreals usym pawiroj seaabap uy aybue pspnIouf oy, mwe q1ddd
uotdTasseq uoT3e]loN  STqeraep
butasauthuy andug
(ZOLANI 3ISTTaWeN)
(PONUTIUOD) SYHALAWYYVd LOINI 3Z'€ o1del

3.21



A RS

1T ¢

91'¢

€'t

e

9T°¢

21nbtd
03 1939y

‘¢ 10 7 = ¢T IT pasn *sisjowexed

jndutr yatm peoyod pue Ailpwoab 3ndur uo paseq paindwo) T =
1Te3-L Pue Q°0 = [Ie1 MO °*°°T ‘PIOYD 001 TTe} [EedTIIdA
sy3 woxJ paanseaw ueds Trel} [EOT3IABA JO UOTIORIJ ® SE

1Te3 TeOT3I9A UO TTEI [RIUOZTIOY JO uoTiedol “ijndut jou od

‘T = JLYUNIX 20
€ = pTI UdYM pasn *oTqeriea IsHajul '3sesaqe s3eas jJo JdquaN

‘¢ J0 g = ¢T udym pasqn *pioyd ad3xenb [re3 [eSTIAOA pue
aberesny syl JO UOTIOBSIDIUT 3Y3 IR TTel TEeOTII8A 3yl jJo pIoyo
193xenb ay3 e painsesuw 13 ur eberasny ayl Jo yidep Byl

*3ndut Jou

JT 9¢b* O3 SITNRISP Wydand ‘T = gTI uaym °T = gZT1 udym 10
‘¢ 10 7 = ¢1 UBYM PasSQ) ‘SURTPEI UT UOTIDDTIIP I9PPNI WOWTXEW

+suna z93ndwod 8ATINOBSUOD J0F Indut oq sAemye isnul OHY
‘suot3Tpuod orasydsowie piaepuelsuou Iog * SUOTIFPUOD Kep
paepueis 103 paarnbax jou 3ndug .muM\am ur ate jo Karsuag
*T = JYANIN I0 € = pTT udym pasn - °*¢e° = 3ITNBI3Q

*sberesni oyl Jo ylbust syl 03 Isou sYyly WOIF painsesu
Kataeab jo ae3ueo sberasny 8yl jJo uotatsod 9ATIRTDY

*T = IYANIX 10 € = pTI usys
pasn ‘yabuar aberSISNI 8yl O3 UOTIBTSI UT SSOU JJBRIDITE
ayy woxy aurbus ayl jo uotrirsod feutpnltbuo aarieiady

*T = LYANIN X0 € = ¢TI usym pasn *33F ut yoatd 3eag

¢ 10 z = €1 JT Pa2sn *I9ppni 9yl JO s9dBJANS 33 Aq
obps Bburytexl 9yl 3B pauroj soaxbap ur arbue papnydut JYY

uotdTI0saqg

(ZOLMNI 3ISTT2WeN)

(penUTIUOD) SUALIWDUYL LOANI 3Z°€ 919

HYS
es
q N avs
T
T1z 2l
xX2u
pe]
9 Waaany
d ol
snJy
sn bo
ua\ x Nty
buoa
snjy bo
¥/ X 414y
Jeas
d Sd
>mg
) AYALLI
uoT3IeION aTqetraea
butazeautbhug ndufg




sanbt g
03 1ajay

‘T

aoaabe 3snp

abetasny sayj st i aaaym Aan«\ﬁxv LZS* + 8L€") na = X

] *AWIS PUR ‘ApOWIG ‘Auv s3andup y3gm
*_3F UF TTe3 Teorixaa jo eaje wiojuerd pasodxg

[4

'€ 10 Z = g7 usym pasn jndur ‘y3lbues

(o]

‘Pa33oTd aq PTNOYS uoOTINGTIAISTP
BSIB TBUOTIDBS SS01d sberasny ayjy ‘Tnjyaquop aie eyl soseo
04  *sauTT WbTRIIS y3aym parepouw st sberasny juateaynbas

843 usym uotjdadsut Aq paureiqo eq usaijo Aeuw Hx rantea

X
BATIEOSU wnuTXeWw SIT SBYORDA ISATF XP/ SP BxoyM uorjesis

Apoq ayy .Hx S0ue3STP 9Yy3 JO uofIdUNI e ST ox aouejlsyp

3ylL ‘teriusjod oq 03 sesead moT3 a8yl aIayMm ox uorje3s

aberasny ay3y 3je abeyasny ayj jo

‘G0°'T = 3ITnezaq

JUHANINA 10 ¢

Z

33 UT BaIR TRUOTIODIS SSOID

*I = €T1 uays pasp

*JJoeyel Hurinp uorjel0A 03 INP I1030€F pPeoT

*orjea aadey yre] TEOTIa9,)

*otriex zadey Tre; Te3UO0ZTI0H

Z

*otjex zadel bugpy

' 33 ur eaxe wiojuerd [rey Te3juozZTaoy

PTI Usym pasn  * 33 ut aberesny jo eaxe pejjapm

[4

{ ZOJMNI 3STTawen)

uot3dyaoseq

(PONUTIUOD) SUATAWVUYA LOINT

i2'e arqed

uor3elox

v

S

LAS

(O]

NS

AWIS

HWIS

Wis

{LHS

Js

uotjej0N
burieautbug

sTqeTaep
Indug

3.3




*3STM3 aatTaebau
spratk anoysem ‘wiojuerd Hurm SduULIBFSI BYF JO SUOTIOVS

&AL dta pue 3001 d9Yyj ueomilaq painsesul s291bd3p UT ISTMI butm 4] LSTML
*¢ 10 g = ¢T usym paspn *Trel TeoraIea jo otried SSauXOTYLL >Ao\pv ADO
*ITe3 Te3IU0ZTIIOY JO OTIRA SSBUNOTYL IAO\uv HOO
xeuw
*, = FALN JT andui °sqr ur Isnayl autbua 3o wnWIXeR &5 NTHJ,
*sunx x21ndiod 3AT INODSUOD
103 3ndut 8q sAem[e 3Isnw JWdd ‘suorirpuod otasydsouye
paiepuelsSuUOU 104 ‘SUOT3TPuod Aep paepueis 103 paxtnbax
jJou 3ndur *ourjuey S923bop ur Lanjzeradusl ot xaydsouwly S dWAL
*7 = LYANIX %0 € = pTI IT Pasn ‘oraex ssowyotyl dra burm T(o/2) Afoht
*T = JHANIM 20 ¢ = P11 IT P3SN *oT3RI SSAUNDOTIYF JOOX butm xao\uv ¥Ool
‘0 = J490SA q
g1°¢c 3t andur “‘aury 2buty By} ¢ I03BASTS jJOo I ut SSaUNOTYL ! g0,
*08s/13J ut peoadsiate aniy mﬁﬁ~> SYdL
*paoyos st anfea painduo) 3ndut Jou Og ‘UOTSUDIXD
derz o3 onp eaxe burm ur 9sESIDUT Kue apngoutr 3j0u s90p
pue ueds del3j jo uotiounjy e ST EBdIE purm pajoazgye-dery a8yl " 3,
cegae aousxojal butm o3 eaze burm pejoajje~dery Jo otraey s/ S MSAMS
M
.NUM uy eexe (2douUsiId3jax) uxojuetd burm s MS
wummﬂ& uo13dT 1082g uoTIeI0N EYCGEECT
put xasutbug jndug

03 19394

( ZOJMNI 3ISTT2ueN)

(ponUTIUCD) SYTLIWYHYd LNENI *Z°€ 2TI9®BL

~T
c




Z1'¢

4ARY

2anbT 4

073 Iajay

(sqT) *'T = LYANIY 10 ¢ = pTI usaym pasp
‘0 = LM JT ATuo enfea e 3ndur *sToajuocd 3Fdy000 jJo jybrem

*33 uT UTqeD JO YIPTM umwiXey

‘T = LYENIN X0 € = §TIT Uaym pasn  *gM + ddM + D0M se pajnduod
8q TITM [agm ‘0 se anduy 3JI *sqT uy jybrom aberasny Te3ol

‘T = LUINIX
10 € = pTI Uays pasn  *sql UT 8iIn3dnils sberasny jo ybyam

*T = LYANIX 10 € = pTT Usym pasn °*3J UT OTSTE UTGeD JO YIPTM

* SUOT3RTNOTeD
paads uOT31e301 UT Pasn ST UIN} UT YOTYm ‘OLXWID STqerxea
2yl 03 paijelax J0U ST TIVLISA °T = ¢TI UayMm Suofjernored

paads Toajuod wawtutw ut Afuo pasp °*oas/33 uf peaads TTe3S

*T = €17 ueym pasn cweaboad

301
ay3 Aq paarnbaa aq TTIM 90WA < A ®I2ym suojjernoTeo poads

uoT3ejox UT Pasn *punoab syl UuO TITIS TE9YMBSOU 8yl YITA
SUOTITPUOD 3O dutbua suo 103 235/93 ur paads TOIFUOD WNWFUTK

*T = LMANIX I0 € = pTT1 udym pasq °sqr ut iabusssed suo jo 3ybroapm
*1Te3 paistmlun ayy 103 g 3ndur *3stml aagaehau
spreyd 3jnoysem ‘wiojuerd Tye3 ayjy jo suogidas dy3 pue

300X 9yj] usamIdq paansesu mwwummmu UT 3ISTM] TTE3 Tejuozyaoy

uot3djaosaqg

( ZOJMNI 3ISTTLWEN)

(PenuTjuod} SUALIWWHYd JININI :Z2°'C STqE.,

20

M o0M
US oM
mz LM

mm
M aM

afst®e
M SWM

els
el A TIVLSA

b

our
A OONWA

xed
M X¥damn
:m HLSIML
uorjejoN  oTqeiJIep
buyaeautbuy andug

3.25




2anbT g

03 1939y

€

*T = JUANIX 10

yueadra

= pTI UBYM pasn °*SqT UT TanJ Inoy3ts duej di3 suo Jo ybtam "M dIJM
jeas

*T = LYANIX 10 ¢ = pTT Uaym pas( °*sql Ut 3eas auo Jo ybiopm M SM
‘T = LYINI 10 d

€ = PTI udym pasn *(s)arradeu 4 (s)authbus jo sqr ur ybrom M dam
1= 91

JUANIM 10 ¢ = pTTI usym pasn °*sqr ur xeab butpuel jo jybrom M oIM
‘T = LYANIX T

I0 ¢ = $TI UaUM Pasn  °*Sql UT TTIed [RIUOZIIOY JO JybToMm M JHM
*T = LYINII m:ﬂsam:u

10 ¢ = $TT Usym pasn *Hutm a8yl ur sqr ur [9nJ Jo ybiom M MM

quel

*T = LYANIY 10 mﬁuﬂw:u

€ = PIT uaym pasn *uel dra suo ur sqr ur foni Jo Iybrom M dLdIM
*T = JYANIX 10 € = pTT UdYym pasg °0 # LaM 3T .

oxaz ndur °*sq[ ur °*o33 fsjeas ‘quaudrnbe pext3I jo ybiopm M qaM
*T = LYANIN I0 € = P11 usym pasn 5

*sqr ut wa3shks erredeu pue ‘iosindoad ‘surbus suo jo ybrom M dTIM

*paandwod oq TITM IHOIAM @I9ym ‘T = JLMANIN 10

€ = pTT ssotun 3Indutr shemary *sqi ut ybiam jeaoare [el0y M JHO TIM

uotadt x0s9q UOTIPION  OTgqeraep

butzosutbuy andut

{ ZOLMNI 3STTSWeN)

(PONUTIUOD) SUALIWYIYd LOINI $Z°€ 3Tdel




€'t

Z1°e

0c'e

2anbT g
03 Iajay

*T = LYANIN 0 € = pTT uaym pas( °*STXe X a8yl
MOT®q JT 9ATaTsod °33F uf syxe Lpoq X 8yl woij painsesw
A3tAavab jJo a93uUD TTe3 TROTII8A 8yl Jo uotrirsod Teotplasp

10 ¢ = pTT udym pesn  °yuel dy3 jo 33 uy uotifsod Teisleq

‘T = LUYANIM I0 € = pTI uaym pasn .znmﬁ. =
jrneyaqg *&A3yvaeab jo 197jued burm JO 33 uft uorifsod Teiajzeq

*T = JYANIA I0 € = pTT usaym pasq .:nm. = 3Tnejaq
*Aq7aeab JO I83U8D el TeIUoZTIOY JO 13J uy uofirsod [ersjer

*T = LY4ANIX 30 € = pTT uaym pesn ‘*LA3raeab
Jo 123udd §,307Td 03 8sou 3JeidiTe woij 3J uf d2uelsidg

*buym ay3 jo ebpa Hurpeer

ay3 jo juoaJ ut Afejerpawmr 3IBTUT ITe 8yl JO Y3IpPTa ayl
¢3jyexoate 3af aog *3jeasate zayradoad io3z bupm 3yl jo abpa
burpeal ayi Jo juoxy up Arajerpsumit 33 Ul BTTSJBU JO YIPTM

‘L = FALN IT andur ‘*aayaysod se

uaye)y paemao, ‘eurbua 38l e jo uez 3satjy 8yl pue Ajraeab jo
I93U8D 3JeIDATE By} usamilaq 3J Ut STXe X ayj buorr adueisiqg
*T = LYANIN 0 £ = PTT uaym pasp

*37un uofstndoad 10 TanJ JnOY3TM sqr ut burm 8yl jo 3ybrom

I0 ¢ = pTT udym pasn *sqT UF TTe3I TedTIFda 8yl Jo ybyam

Apo
Z HYIADIZ
*T = LYANIX Egﬁo
X dTJO0K
zmo
A ONMDOX
Hpo
X UOHODA
jot1td
TF X JOTIAX
oeu
X JVYNX
€
X LALX
33 MM
*T = LYANIA A
M JLAM
uotdTadsaq UOT3Iej0N aTqeyaep
butasautbug andur

{ ZOJMNT 3ISTTLWenN)

(PanuT3uod) SUALIWWIYd LNINI $2°¢ 2Tdel

3.27




TARS

ve'e

TARY

e e

9°¢t

aanbt 4
03 19394

*sTXE X 9yl MoTaq
JT oAT3TSO4 °*3F ur Stxe Apoq X 8yl 03 proyd otureufpoxoe
ueow butm Byl JO pIoyd id3aenb 8yl woiy SOULISTP 1eDT3IABA

‘¢ a0 g = g1 usym pasq
*sTX®e X oyl moladq JT SATATSOd *gtxe Apoq ¥ @yl ol 1tea
TeoT3I8A 8yl JO I93uUdD oTweuiporoe a3yl woijy 3DULISTP 12013187

*sTXe X 94l
MOT®q JT SATITSOd °2J UT STX®E Apoq X @y3 o3 uotatsod uey
10 zotredoad 8yl e BUTT ISNAYI dYF WOIJ SIULISTP TeoTII3A

ssTX® X 9yl MOTdq JT 9ATITSO4 *3F UT SIXE
Apoq X @2u3 03 T[TE} [PIUOZTIOY dYI WOIJ IDUBISTP 12013387

*T = LYANIX 10 € = P11

usym pasn °STXe X 3Yy3l moIdq JT SATITSOd *stxe Apoq X ay3l
03 Kataeab jo 193uad burm a9yl jo IF ut aoue)sSTp TEOTIABA

uotadradseq

( ZOJMNI ISTTPWEN)

(PonUTIUOD) SHALAWWHYA IOINI  :2°€ arqel

M
Z M7
A
7 VA
€
Z ¥4
{
E*N HHZ
Mo
Z ONMDOZ
UoT3ILION oTqetaeA
butzasuthug anduy




variables Which Have Been Deleted From The Input List

Table 3.3

But Are Included In Table 3.2 And Are Echced

B BHT BVT CBARHT CBARVT CBARW CRCLHT
CRCLVT CRCLW CROOTW ELHT ELINC ELTH FUELD
INO v SAH SWEFSW
Table 3.4

Input Variables With Default Values If Not Input
BD@3 BD@Z6 BD@O BIANG DELTMA DELTMI DTDTA
DTDTR EYEHMA EYEHMI MREXATL OSWF REIR RHO
RUDDRM SN TEMP YCGHCR YCGWNG
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Table 3.5

Variables Required Under Certain Conditions

Unless default values are available as indicated in Table 3.4,
the following variables are required for the conditions specified:

11 = 0 and KINERT # 1:
L2 = 1:

L3 = 2 or 3:
112 = 1: %
113 = 1:*
KSURF = 0:
KSURF = 1:
KCONT = 10:
KCONT = 12:
NTYE # 7:
NTYE = 7:

INERTX
L3sa
AFSA
CrCC
DIHDH
ETALV
LTS
RUDDRM
Ay
BANK
MAXAIL

BODANG

VMCG
CBOCF
MHMF

CHA
DELTMA
CEOC = 1
BL
HPMSLS
MSSFL

DENEM

INERTY
NANLYS

AICORA

PHICS1

R2I

DBARN (if
VSTALL
CFOC

DTDTR

CGOC
PDPTE
CHD
DELTMI
EYEHMA

BLANG

INERTZ

NSENSI

BFLAPI

DFIAP

ETAlA

H2

PHINS1

so

NTYE =

RUDDRM

CIMXTO

HEIGHT

DIMHHEL

TCE

DADD

EYEH

EYERMI

7)

IXZ

BFOB

DIHD

ETAQV

IN1S

PHTERV

TOCV

DFLAP

SN

TWCB

na

P

-

(w/ENP=1)
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Table 3.5 {concluded)

Variables Required Under Certain Conditions

L14 = 3 or KINERT = 1: AXIS BFUEL BFUELI BXIS

CGLG DBARN E1ICGH EI1CGV
EIN ELTIP ELWING FUELD
1ENG PAX PS RELP
REIR SAB SF UWPAX
WAS WB WBT WCC
WEP WFE WFT? WEW
WHT WLG WP WS
WTIP wvT Ww XPILOT
YCGHOR YCGWNG YCGTIP ZCGVER
ZCGWNG

*Note: When 112 or 113 = 1, configuration-dependent variables such

as ALPOWB, ALPHLO, CPOC, and DFIAP should be correctly
ALT should also be checked.

specified.
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Table 3.6

Input Namelist Rules

Note: Namelist names are not to be confused with namelist

1.

variables. Only three namelist names are allowed in this
program and must appear in order as INCTL, INATCI, and INATOZ.
The namelist variables associated with each namelist name

are those specified in Table 3.1 and 3.2, Only one variable
in the input list is an array: NSENSI in namelist INKTOZ.

Namelist names cannot contain imbedded blanks and must be
preceded by a $ which must be in column 2. The symbol may be
different on different computers. It is a $ on a CDC or
Honeywell, while it is a & on a Burroughs. No punctuation is
allowed after the namelist name and atleast one blank space
must separate it from the first namelist variable. An example
line opening namelist INCTL is as follows

$INCTL 11=0,.44.0... (See Table 3.7)

Namelists must be terminated appropriately. Honeywell systems
require $END, some CDC systems require only $, and Burroughs
systems require &END,

Namelist variables may appear in any column except, usually,
the first.

Each variable is specified as variable name=###, with
decimal points included as appropriate. See Table 3.7,

Variables may appear in any order within their prescribed
namelist.

All variables within a namelist need not be input.

Variables may be repeated within a namelist, where the last
value specified is used. Hence,

eseesy PHTERV=14,61,SVT=52,26,PHTERV=12.1,..00..
is a valid entry where PHTERV=12.1 will be used.

Variable arrays may be entered as NSENSI=S57,50,51, or NSENSI(l)=
57,50,51, where 57 is defaulted tc the first location in the
first example, while it is specified to be in location (1) in
the second example. 50 and 51 are placed in the seccnd and
third array locations in both examples.

3.32
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Table 3.7

SAMFLE INPUT DECK SET-UP FOR MULTIPLE CASES

column 1 must be blank for namelist title

namelist title begirs in column 2 with appropriate character

TWIN TURBO WITH ELEV FIXED, INERTIAS AND HINGE MOMENTS INPUT.

$INCTL L1 = 0, 12=0,L3=3,14=1,15=1,L6=1,110=1,L12=0,113=0,114=0,
KCONT=10,KSURF=1 ,KFIFR=0,KINERT=0,SEND

$INATOI AFSA=19.4,ALCORA=.2,ALPHLO=-,0366,ALPOH=0.,ALPOWB=-.0366,
ALT=10000.,,AR=9,79,ARH=5, ,ARV=1,1,BENGOB=,32,BFIAPI=2,22,BFOB=,59,
B1=3,CDO=.,0267,CEOC=.3,CFOC=.24,CFOCV= 34 ,CHA=- . 0005 ,CED=-,0055,
CLAHP=5,73,ClaVP=6.3,C1AWP=§,3,CLHMAX= .8 ,CLEMIN=-.8,CMACH2=0.,
CMACW2=-,093,CPOC=1, ,DADD=, 6,DELTMA= .24 ,DELTMI=~, 35,DFIAP=0.,
DIHD=6.,DIHDE=0.,DIMC4=0,,DIMC4H=17.,DIMC4V=37,15,DPROP=8.21,
EETA@=1.,EETAl=,05,ELCG=15.24,ELC4H=38,589,E1C4V=29.179,ELC4W=
14.65,E1F=39,5,EINAC=3.67,ENP=2,ETAfA=1, ,ETAlA=.6,ETAPV=.93,
EYEH=0,,EYET=-,03,EYEW=,06,FWOB=5,08 ,H1=5,7,H2=5.1 ,HC=4.38,
HMPSLS=£50., INERTX=27280., INERTY=20721 . , INERTZ=45385, , IX2=3069.7,
SEND

$INKTOZ KNS=2,1N=9,3,IN1=10.41,IN1S=10.41,LT=17.9,LTS=17.9,NP=,81,
NTYE=6,0SWF=.66,PERPOW=0,, PHIC1=,71,PHIC2=,9,PHICS1=.,71,PHIN]1=.68,
PHIN2=.89,PHINS1=,68,PHTERH=11 .25, PHTERV=14, 61 ,RUDDRM=0. ,R2I=2.33
SHT=67.99,S1M=,42,SIMH=,5,51MV=,64,50=26,6,5VT=52,26,5W=303.,
TAS=314.,TOCH=.1,TOCV=,14,TWIST=—-4,55,TWISTH=0.,WC=5.17,
WEIGHT=12500.,XNAC=2.,ZHHT=-9,5,27=,17,2V=-5,43,ZW=,55,$END

TWIN TURBO SENSITIVITY ANALYSIS FOR CNR, CLB, CNB

$INCTL L2=1,15=0,L6=0,S$END

SINATOI AFSA=19.4,SEND

SINKTOZ L3SA=2,NANLYS=3,NSENSI=57,50,51,SEND

TWIN TURBO WITH ELEV FIXED, INERTIAS INPUT, AND HINGE MOM CAIC.

$INCTL 12=0,KSURF=0,SEND

$INATOI CBOCF=.35,CGOC=,004,DIMHHL=0,,SEND

$INKTCZ KNS=2,MHMF=,03,PDPTE=11,25,TLE=.3,SEND

TWIN TURBO CAICULATION FOR VMC AND ROTATION SPEED.

$INCTL 112=1,113=1,KSURF=1,$END

$INATOI ALPHLO=-,0834,ALPOWB=-,0834,BANK=-5,,BODANG=,02,CDO=,034,
CFOC=.24,CINXTO=1.84,CHA=-,0005,CHD=~.0055,DADD=, 6, DFLAP=15,,
HEIGHT=4.74,SEND

$INKTOZ TAS=152,,MAXAIl=,.36,VSTALL=146.,VMCG=101.3,SEND

’

Notes: 1. Four full cases are input here. The first case shows a
complete input for the particular case. Cases 2, 3, and 4
only change required variables.

2., In case 2, no changes are reguired in $INATOI, but the
namelist title with a dummy (unchanged) variable appears.

3. 1In case 4, KSURF is changed back to 1 (by choice) from 0
in case 3, so CHR, CHD, and DADD are input.
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Figure 3.1 Axis Definitions

Horizon

Force and Moment Definitions

Figure 3.2
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Center of Gravity Positions

Figure 3.3

Geometry Definiticons

Fizure 3.4
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Cecmetry Definitions
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Figure 3.9 Horizontal Tail Geametry Definitions
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Figure 3.11 Vertical Tail Gecmetry Lefinitions
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Figure 3.13 Flap Geametry
d
,/ \6Emin
T
— — \ré ‘v
L,\ — ! \}\ ’65
i \\ 'I max
| s
S CE_";
!
- .
Figure 3.14 Elevator Cecmetry

[

= '
— S =]
4__-# ! \L\ ,5Amin
| T
| |

Note: Right Wing

Tigure 3.15

Aileron Geometry
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Figure 3.16 Rudder Cecmetry

Figure 3.17 Horizontal Tail Incidence Angle




ACTUAL NACELLE
i SQUIVALENT NACELLE

\ EQUIVALENT D
- ‘/ Nac
o~ Dl

-~ — ~ -
Y - E — -~

i

-—
Ma -
-~ —

= e -

|
{ )

nac
Figure 3.20 Nacelle CGetmetry
/,— EQUIVALENT FUSELAGE ACTUAL FUSELAGE —

T e - —

3.43

(RO —




Figure 3.22 Twist Angle Definition
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Dimensions positive as shown

(Except for ’ZHT and ZV)

Figure 3.25 Geometry Definitions
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SECTION 4

DEFINITION CF OUTPUT

This section describes the output as printed by the computer

program. Examples of output are given in Section 6.

4.1 Input Data Output

After printing a heading, the program prints a listing of the
corresponding data as input by the user. The explanation of the

variables is as given in Tables 3.1 and 3.2.

4.2 Static and Dynamic Stabilitv Derivatives

A definition of the derivatives as output by the program is
presented in Table 4.1. This table is in ascending order of array
DERV.

Vhenever output is available for airplane components, this will
be printed. The following computer variable postscripts have been
used to denote the aircraft component:

-B: Body contribution

-H: Horizontal tail contribution
-V: Vertical tail contribution
~W: Wing contribution

-WB: Wing-Body contribution

-P: Power effect

Generally the output of the derivatives is self-explanatory.

4.1




4.3 Trim Data

The program will print out tailplane deflections and horizontal
tail 1ift coefficient required for pitching moment equilibrium, both
with and without power. See Table 4.1 for an explanation of the

computer variable names.

4.4 Power Effects Data

The effect of power on the derivatives, as discussed in Section
2.2.6 is printed. An explanation of the variable names is provided in

Table 4.1.

4.5 Control Derivatives

Hinge moment data are output with a note whether they were
computed or input. Control derivatives for aileron, rudders elevator

or all moving tail are output in a2 self-explanatory form.

4.6 !MC Data

The output for the Minimum Speed for Control. with one engine out

is self-explanatory.

4.7 Rotation Speed

The output for the Rotation Speed computations is self-explanatory.

4.8 Inertia Data

The output for the Inertia Data is self-explanatory.

—t



4.9 Dynamic Stabilitv Characteristics

2

The output data for this section may be divided into four main
sections. Which section is actually output depends on the setting

of the Control Variables.

4.9.1 Dynamic Stability Data

Qutput in this section is:
 The non-dimensional derivatives as computed by the

program, along with the dimensional derivatives.

* Small perturbation mode data appear in self-explanatory

form.

*+ Sensitivity analysis appears in tabular form. When,
for the longitudinal semnsitivity analysis, one of the
complex pairs breaks down into two real roots, the out-

put lists: n, w, REAL ROOT =, w s Teap, REAL ROOT =.
nSP SP

As for the lateral directional sensitivity analysis,
when the two real roots come together and split off

into a complex pair, the output lists: n, w, n, w, W
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Following is a list of computer variables and the explanation,

as used for this part of the output.

Computer Variable Explanation

EN (n) real part of an oscillatory rcot

oM ' (w) imaginary part of an oscillatory

root

oMy SP (mnSP) short period undamped natural
frequency

ZT SP (;SP) phugoid damping ratio

OMND (mnD) dutch roll undamped natural
frequency

ZTD (CD) dutch roll damping ratio

4.9.2 Transfer Function Data

The results appear in self-explanacorv form. The standard
format for longitudinal transfer functions is given in Figure 4.1.
The standard format for lateral directional aileron and rudder transfer

functions are given in Figures 4.2 and 4.3, respectively.

Figure 4.1 Standard Tormac for Longitudinal Transier Funcrions

General Standard Tormat

k4 (T s+ L)(T: s+ L}
u u u

s p 2
u(s) _ z a)
e 2 2005 2 25
( 7+ + 1) ¢ 7+ — + 1)
w Un_P ¥ nﬁ
ESP S !'LP 5
2 23 s
K, (I s+D(Fg+——+1D 3)
s(s) . °z a Ty
:_/s)
‘B 2 2z 2 2g,.s
G e B nEm s e
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Tigure 4.1 Standard Tormat for Tonegituiinal Transfer Tunctions
Genaral Standard rormar (continued)

(T, s+ 1)(T, s+ 1)
5.1 "2
2l enS 2 2;.8
- 2}
7 s D e )

SP R P

c)

Fizgure 4.2 Standaré formatr for Lateral-Directional Aileron Transfer Functicns
General Standard Fformat
{T, s + 1)(T, s +1)
8, 3,
- "
i(s) . 1 2
— = K, a)
:'A(S) R s2 Z;D
, A ('Iss + 1)(’IRs + :‘){L 5 + — + 1)
a
. 2y o,
Ly~
¢ A A s + 1)
o 2 Wn )
= ¢A-‘\ %a b)
: 2 ZCD
s N
- 1) s _— 5 +
(-LSS + ;,('raa “+ l)(u 5+ o s + 1j
) D
237
$2 "y
(7, s = DEs s+ —= 5 4 1)
VA w.w dn.‘
-
s(s) ; a
T =K c)
CA(S) 93 2 23
A S(T o+ INT s - 1)(— + s + 1)
S ¢ R (_: 2 Yo <
n, N
Figure 4.3 Standard Ferms=: for lareral-Divecticnal Rudder Transfer Tunctions
General Standard Tormat
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These standard format transfer functions are presented assuming

X and Y
6E dA

both equal zero.

Following is a list of computer output variables as used for

this part of the program.

Computer Variable

KUDE
TUl

TU2

OMN
2T

KALPHADE

TALPHA

OMN ALPHA
ZETA ALPHA
KTHETADE
TTHETAL
TTHETA2

K BETA DELTA-A
T BETA Al

T BETA A2

- TS

TR

Explanation

T it S e e i m;ﬁ

IR I o
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Computer Variable Explanation (cont'd)

OMND : W
“D
ZETAD CD
K PHI DELTA-A Ko,
A
OMN PHI A w
R
A
ZETA PHI A z
%
K PSI DELTA-A K
Vs
A
T PSI A T
Ya
OMN PHI A w_
A
ZETA PST A z
Va
K BETA DELTA-R K,
*r
T BETA R1 T
1
T BETA R2 T
8
R,
T BETA R3 T
B8R
3
K PHI DELTA-R K,
Sy
T PHI R1 T
%R
1
T PHI R2 T
R
2
K PSI DELTA-R K
Vs
R
T PSI R T
Yr
OMN PSI R "
n
Yr

4.7




Computer Variable Explanation (concluded)

ZETA PSI R z,

YR
ALPHA o
THETA ]
BETA B
PHI ¢
PSI 1

RESTRICTIONS

If the values of the coefficients are non-standard, then they
are outputted as zeros in the standard format transfer function section.
For example, the B(s)/SR(s) transfer function in standard format has
three time constants in the numerator. If two of these time constants
become an oscillatory pair, then the output will indicate zeros
for the two time constants. This does not mean the time constants
are equal to infinity. It means that thev no longer exist but have
combined to form é quadratic with a damping ratio and undamped natural
frequency. This same reasoning applies to a quadratic which has
degenerated into two real roots. This is indicated by zeros for W,
and ¢. This means that 7 and wn no longer exist and that the roots

are now time constants.

4.9.3 Frequencv Response Data

The output is in tabular form and self-explanatorv.

RESTRICTIONS
The magnitude and phase angle are determined at the break fre-

uencv (w = a), w = .5a, and w = 2a for each lead and lag first order
- D

o
o




in the transfer function. For second order factors the magnitude and
phase angle are determined at the break freguency . = “q and also at

y 9w, 12w ,1.4w,1.6w, and 1.8 w_. The
n n n

b, 7w, .8w
ot n n

n
smallest break frequency and its associated frequencies investigated
relative to it are listed first, with their corresponding frequency

response. The second smallest break frequency is listed next and so on.
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Table 4.1 Symbols, Output Parameters

Comp. Engineering
Symbol Symbol
SwW S
WEIGHT W
B b
CBARW c
TAS Ul
THETA 81
1Yy 1
¥y
XX IXXB
1ZZ IZZB
1XZ Isz
ALPHA al
CL C
L
CDh C
D,
CTPRIM CT
*1
cM C,,
LAI
-T
CMCLTI (dCM/dCL) )
fixed
CMCLFR (dc,,/dc. )
M L
free
CMT CM
T
1 .
aCL
CLU c, =
L .,u
u i(a—)
1

Definition

Dimension
. 2
Wing Area Fe
Weight Lbs
Wing span Fc
Mean aerodynamic chord Ft
-1
Airspeed Ft-Sec
Density Slugs—Ft_3
Initial Theta Rad
2
Moment of inertia about Slug-Ft~
y-axis o
Moment of inertia about Slug-Ft~
x-axis computed in a body-
fixed reference system
2
Moment of inertia about Slug-Ft
z-axis computed in a body-
fixed reference system
2
Product of inertia computed  Slug-Ft~

in a bodv-fix
system

Steady state

Steady state

Steady state

Steady state

Steady state
coefficient

Static margin

Static margin

Steadv state
coefficient

Variation of
with speed

4=
)_-l
(]

Array Derv.

ed reference

angle of attack Rad.

1ift coefficient

drag coefficient

thrust coefficient

pitching moment

, controls fixed

, controls free

tnrust-moment

1ift coefiicient

1
2
3
4
5
6
7
3

10

11

i3




Engineering

Comp.
Symbol Symbol
aC
CDU C. = D
D u
u Bﬁ:—)
1
ac}
CMU CM = "
u B(E_)
1
aC
TX
CTXU CT = 3
X 3 (=)
u uy
BCMT
CMTU CMT = ”
o PG
3C
cDQ c, = DE
q 36%:-)
1
aC
CLQ C, = L
Lq a(ut
2u
1
BCN
CMQ CMq— a(QE
2u
1
CLALPH CL = aCL
o 30,
aC
D
CDA CD = 3
1 o
aC
CMAFIX CMG = 3;—
fixed
BCM
CMAFRE CM =G5
o
free *

Table 4.1 (cont'd)

Definition

Dimension

Array Derv.

Variation of drag coefficient
with speed (i.e. speed damping)

Variation of pitching moment
coefficient with speed

Variation of X-thrust coefficient
with speed

Variation of thrust pitching
moment coefficient -with speed

Variation of drag coefficient Rad.l
with pitch rate
Variation of 1lift coefficient R::zd—1
with pitch rate
Variation of pitching moment Rad—l
coefficient with pitch rate

-1

Airplane lift curve slope Rad

Variation of drag coefficient Rad--1
with angle of attack

Variation of pitchimg moment Ra.d_1
with angle of attack, control
fixed

1

Variation of pitching moment Rad
with angle of attack, controls
free

4.11
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16

17

18

19

20
21

22

23

23




Table 4.1 (cont'd)

Arrav Derv.

Comp. Engineering
Symbol Symbol Definition Dimension
BCM -1
CMALPHA C,, = — Variation of pitching Rad
M da . ©
a moment with angle of
attack (i.e., static lon-
gitudinal stability)
acC
M -1
C = Variation of thrust pitch- Rad
M da . . .
T ing moment coefficient
o with angle of attack
¢y -1
CDAD C.=— Variation of drag coeffic- Rad
D oa . .
] ient with angle of attack
BCL -1
CLAD c, = —— Variation of 1ift coeffic- Rad
L. .,ac . .
a aCE;—) ient with rate of change
1 of angle of attack
3Cy -1
CMAD CM = —— Variation of pitching mo- Rad
a 3(%%— ment coefficient with rate
1 of change of angle of attack
BCL 1
CLDE C = — Variation of lift coeffic- Rad
L 3 . :
6E E ient with elevator angle
aCD -1
CDDE C = — Variation of drag coeffic- Rad
D 3d ) .
SE E ient with elevator angle
8C’\I -1
CMDE C, = —=Tr Variation of pitching mo- Rad
M. ad L .
Sp E ment coefficient with ele-
vator angle (i.e., longitu-
dinal control power)
acL -1
CLIH C, =+ Variation of 1ift coeffic- Rad
L. ai . . .
i H ient with tailplane angle
H of incidence
acD 1
CDIH ¢y =33 Variacion of drag coeffic- Rad ~
iH °H ient with tailplane angle
of incidence
an -1
CMIH C\1 = EIL Variation of pitching mo- Rad
LiH H ment coefficient with tail-

plane angle of incidence

23

24

25

26

28

29




Comp. Engineering
Svmbol Svmbol
CLHT C
LH
DEPSHT EH
DE 6E
EYEH i
ABCL
DCALP ACL = z—
a
DCLWF AC
Lur
ABCM
DCMALP 4C, =
M oQ
«a
DCMTOT ACM
DEHP AE
MU M
u
MA M
a
MAD M.
o
MQ M
MTU MT
u
MTA
MTC!
ZU Z
u

Table 4.1 (cont'd)

Definition

Horizontal tail lift coef-
ficient

Downwash at horizontal
tail
Elevator deflection

Horizontal tailplane angle
of incidence

Change in 1ift curve slope
with power

Change in 1ift coefficient
for wing-fuselage combina-
tion with power

Change in pitching moment
coefficient for wing-fuse-
lage combination with power

Dimension

Array Derv.

Change
moment

Change
zontal

in airplane pitching
coefficient with power

in downwash at hori-
tail with power

Dimensional variation of
pitching moment with speed

Dimensional variation of
pitching moment with angle
of attack

Dimensional variation of
pitching moment with rate
of change of angle of attack

Dimensional variation of
pitching moment with pitch
rate

Dimensional variation of
thrust pitching moment with
speed

Dimensional variation of
thrust pitching moment with
angle of attack

Dimensional variation of
Z-stability force with speed
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Rad

Deg

Deg

Rad 1

Rad

30

31

32

33

34

35

36



Table 4.1 (cont'd)

Comp. Engineering
Symbol Symbol

k2

Definition Dimension Array Derv.

ZA YA Dimensional variation of Fc Sec 37
o Z-stability force with
angle of attack
ZAD Z Dimensional variation of Ft Sec 38

Z-stability force with rate
of change of angle of attack

Qe

ZQ Z Dimensional variation of Ft Sec 39
Z-stability force with pitch
rate

XA X Dimensional variation of Ft Sec 40
X-stability force with angle
of attack

XU X Dimensional variation of Sec 41
X-stability force with speed

XTU X Dimensional wvariation of Sec 42
T s
u X-stability thrust force
with speed

ZDE ZcS Dimensional variation of Ft Sec_z 43
E Z-stability force with
elevator angle

XDE X5 Dimensional variation of Ft Sec L4
E X-stability force with
elevator angle

MDE Mé Dimensional variation of Sec 45
E pitching moment with
elevator angle

IXX I Moment of inertia about the Slug Ft 46
S Xx-axis computed in the sta-
bility axes system

2
1722 I Moment of inertia about the Slug Ft 47
s z-axis computed in the sta-
bility axes system

2
IXZ I Product of inertia computed  Slug Ft 48
s in the stability axes system

CYB C = —7. Variation of side force co- Rad ™ 49
efficient with sideslip angle

2 R . o c
CLB C, = — Variation of rolling moment Rad 50
8 coefficient with sideslip
angle
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Comp.
Svmbol

Engineering
Svmbol

CNB

CLP

CyP

CYR

CLR

CNR

CYDA

CYDR

CLDA

CLDR

3C_
C =

~
nq oo
~

@]
o

[l
e

(9]
“«
[

"
| w
2.8
o]

Table 4.1 (cont'd)

Definition

Variation of yawing moment
coefficient with sideslip
angle

Variation of side-force
coefficient with roll rate

Variation of rolling moment
coefficient with roll rate

Variation of yawing moment
coefficient with roll rate

Variation of side force
coefficient with yaw rate

Variation of rolling moment
coefficient with yaw rate

Variation of yawing moment
coefficient with yaw rate

Variation of side force
coefficient with aileron
angle

Variation of side force
coefficient with rudder
angle

Variation of rolling moment
coefficient with aileron
angle

Variation of rolling moment
coefficient with rudder
angle

4.15

Dimension Arrav Derv.
Rad * 51
Rad ! 52
Rad ! 53
Rad * 54
Rad "t 55
Rad "t 56
Raa~t 57
Rad * 58
Rad ™+ 58
Rad ™t 59
Rad ! 59




Table 4.1 (cont'd)

1

Comp. Engineering
Symbol Symbol Definition Dimension Array Derv.

9C
CNDA C =-— Variation of yawing moment Rad 60
n 3é . . A -
§ A coefficient with aileron

angle

3C
CNDR c == Variation of yawing moment Rad 60

s 86R coefficient with rudder angle

1B Y Dimensional variation of Ft Sec-2 61
Y-stability force with side-
slip angle

LB L Dimensional variation of Sec 62
rolling moment about X-sta-

bility axis with sideslip

angle

NB N Dimensional variation of Sec 63
yawing moment about Z-sta-

bility axis with sideslip

angle

P Dimensional variation of Ft Sec-l 64
Y-stability force with
roll rate

LP L Dimensional variation of Sec 65
rolling moment about X-

stability axis with roll

rate

NP N Dimensional variation of Sec 66
yawing moment about Z-sta-
bility axis with roll rate

YR Y Dimensional variation of + Ft Sec-l 67
Y~stability force with
yaw rate

LR L Dimensional variation of Sec 68
rolling moment about X-sta-
bility axis with yaw rate

NR N Dimensional variation of Sec 69
yawing moment about Z-sta-
bility axis with vaw rate

=2
YD Y Dimensional variation of Ft Sec 70
A Y-stability force with
aileron angle




Comp. Engineering
Symbol Svmbol
LD L6

A
LD L

6R
ND N

5A
ND N6

R
XBARFI x

3C¢ixed
XBARFR x

ac

free

Teole 4.1 {(com:t'd)

Deiiniziocon

Dimensional variation of
rolling moment about X-
stability axis with aileron
angle

Dimensional variation of
rolling moment about X-
stability axis with rudder
angle

Dimensional variation of
yawing moment about Z-sta-
bility axis with aileron
angle

Dimensional variation of
yawing moment about Z-sta-
bility axis with rudder

Relative location of total
airplane aerodynamic center,
controls fixed

Relative location of total
airplane aerodynamic center,
controls free

4.17

Dimension Array Derv.

71

71

72

72




SECTION 5

CONFIGURATION MODELING

Engineering judgment and design experience are required to pro-
rerly model a configuration and interpret the results. The computer
program methods can only represent a simplified aircraft configuration.
It is the user's task to model the actual configuration under consi-
deration with a program compatible configuration. This section will

discuss several techniques to accomplish this.
5.1 Body

The fuselage should be modeled into an equivalent fuselage con-
sisting of:
+ Ellipsoid nose section.
Cylindrical center section.
Ellipsoid tail section.
Figure 5.1 shows an example of an equivalené fuselage. (In this case
the cylindrical center section is reduced to zero length.) The equiv-
alent fuselage should have the same length and maximum diameter as the
actual fuselage. All dimensions indicated in Table 3.3 that refer to
the equivalent fuselage should be measured on this equivalent fuselage.

Other fuselage dimensions should be measured on the actual fuselage.

5.2 Wing and Tail Surfaces

If a wing (or horizontal or vertical tail) of complex planform
is to be input in the program, an equivalent surface should be modeled

for which the following holds true:

5.1
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Figure 5.2 (Continued)




S. =S (Exposed surface arsa)

E A

XE = Ay (Taper ratio)

&\ - = A - N

1/4cE 1/4cA (Quarter chord sweep angle)
EE = EA (Mean aerodynamic chord)

where: E refers to the equivalent surface and
A refers to the actual surface.

Possible definitions of wing, or tail areas are shown in

Figure 5.2.

5.3 Nacelle

To define an equivalent nacelle shape for the nacelle of a
propeller-driven airplane, the same rules apply as for the fuselage.

An example of an equivalent nacelle is given in Figure 5.3.

.

! : ACTUAL NACELLE

-t -
i 1eng . \_ < EQUIVALENT NACELLE
i i ! .
: i IVALENT
\\ \ o Oyac
S rars 2= S T~
7 g ! "
X

Figure 5.3 Equivalent Yacelles




. .
5.4 Rotaticn Soesd

Important parameters in the computation of rotation speed are
the rotation rate on the ground, (d?/dt)R, and in the air, (de/dt)A.
These rates are dependent on pitch inertia, horizontal tail power,
center of gravity location, and pilot technique. Mo routine is available
to predict the rotation rates as a function of these variables. They
may be selected as input values or allowed to defaulg to average values

determined empirically. .
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